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INVENTOR(S): MOTOFUMI KAKIUCHI 



SYSTEM AND METHOD FOR 
HIGH-CAPACITY ELECTRONIC SWITCHING 



BACKGROUND OF THE INVENTION 
The present invention relates to a high-capacity electronic 
switching system and a high-capacity electronic switching method, and in 
particular, to a high-capacity electronic switching system and a high- 
5 capacity electronic switching method by which resistance to abnormal 
conditions is improved and thereby communication links can be set 
between subscriber terminals even in such abnormal conditions. 
Description of the Prior Art 

Electronic switching systems are widely used today in large-scale 
10 networks such as telephone networks, in order to switch and exchange 
information transmitted from terminals such as telephone sets, facsimile 
machines, servers, etc. For example, EPBXs (Electronic Private Branch 
Exchanges) are employed in buildings etc. as the electronic switching 
systems. 

15 The electronic switching system is generally provided with 

subscriber circuits as the interface between the network and subscriber 
terminals (such as telephone sets, facsimile machines, servers, etc.), and 
trunk circuits as the interface between the network and other stations, 
networks, etc. A switch (communication link switch) is employed in the 

20 electronic switching system for switching and exchanging signals which 
are communicated between the subscriber circuits and the trunk circuits. 

As the switch in the electronic switching system, TDM (Time 
Division Multiplexing) switches are widely employed. Such an electronic 
switching system employing a TDM switch is required high speed 

25 operation and large circuit scale if the number of the subscriber circuits 
becomes large. However, it is difficult to realize establishment of 
necessary communication links appropriately by means of one TDM 



switch, when the number of the subscriber circuits increases. 

Therefore, in an electronic switching system having a large 
number of subscriber circuits, many stages of switches (such as TDM 
switches) are connected together in the form of a large-scale 
communication link switch so as to realize a high-capacity electronic 
switching system. 

Such a high-capacity electronic switching system is typically 
realized by a 3-stage large-scale communication link switch in which 
three stages of switches (a first stage switch, a second stage switch and a 
third stage switch) are connected together. 

In the following, examples of such conventional high-capacity 
electronic switching systems will be explained referring to Fig.l through 
Fig. 3. Fig.l is a schematic block diagram showing a first example of a 
conventional high-capacity electronic switching system which is realized 
by 3 stages of switches. Such a high-capacity electronic switching 
system is realized as, for example, an EPBX (Electronic Private Branch 
Exchange) in a building etc. 

The first conventional high-capacity electronic switching system 
shown in Fig.l is composed of a first stage switch module 903 which is 
connected to a subscriber terminal 901 for switching (exchanging) and 
outputting a signal outputted by a subscriber terminal 901, a second 
stage switch module 905 for switching the signal outputted by the first 
stage switch module 903, a third stage switch module 907 for switching 
the signal outputted by the second stage switch module 905 and 
outputting the signal to another subscriber terminal 909, and a central 
control unit 911 for controlling the operations of the first stage switch 
module 903, the second stage switch module 905 and the third stage 
switch module 907. 

The operation of the first conventional high-capacity electronic 
switching system shown in Fig.l is controlled by the only one central 



3 



control unit 911. For instance, when a call request from the subscriber 
terminal 901 occurred, the central control unit 911 sets a link of 
communication lines (hereafter, referred to as a "communication link") by 
controlling each of the switch modules 903, 905 and 907, and thereby 
5 realizes the communication between the subscriber terminals 901 and 
909. 

However, in the first conventional high-capacity electronic 
switching system, control of the switch modules becomes impossible when 
failure occurred in the central control unit 911, and thereby the setting of 
10 the communication link between subscriber terminals becomes impossible. 
Therefore, the first conventional high-capacity electronic switching 
system lacks resistance to abnormality such as failure in the central 
control unit 911. 

Fig. 2 shows the case where failure occurred in the central control 

15 unit 911. Referring to Fig.2, in the case where an abnormal condition 
occurred in the central control unit 911 and the central control unit 911 is 
disabled from operating normally, the control of the first stage switch 
module 903, the second stage switch module 905 and the third stage 
switch module 907 becomes impossible even if the switch modules 903, 

20 905 and 907 are in normal operating conditions, and thus the setting of 
the communication link between the subscriber terminals 901 and 909 
can not be executed. 

In order to resolve the above problem, a high-capacity electronic 
switching system shown in Fig. 3 has been proposed. Fig.3 is a schematic 

25 block diagram showing a second example of a conventional high-capacity 
electronic switching system which is realized by 3 stages of switches. 

The second conventional high-capacity electronic switching system 
shown in Fig.3 is mainly composed of a second stage switch module 700 
and n+1 (n: integer larger than 0) first/third stage switch modules 600, 

30 601, • • , 60n. Subscriber circuits 630, 631, • • , 63n are included in the 
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first/third stage switch modules 600, 601, • • , 60n respectively, and the 
first/third stage switch modules 600, 601, • • , 60n are connected together 
by the second stage switch module 700. 

Each of the first/third stage switch modules 600, 601, • • , 60n is 
5 connected with the second stage switch module 700 via a TDM (Time 
Division Multiplexing) line (800, 801, • • , 80n) and a TDM line (810, 
811, • • , 8 In), respectively. 

Each of the first/third stage switch modules 600, 601, • • , 60n is 
composed of a first/third stage switch (610, 611, • • , 6 In), a central control 

10 unit (620, 621, • • , 62n) for controlling the first/third stage switch (610, 
611, • • , 6 In), and a subscriber circuit (630, 631, • • , 63n) for connecting 
a subscriber terminal (900, 901, • • , 90n) with the first/third stage switch 
(610, 611, • • , 6 In). Incidentally, while each first/third stage switch 
module (600, 601, • • , 60n) includes only one subscriber circuit (630, 

15 631, •• , 63n), and only one subscriber terminal (900, 901, • • , 90n) is 
connected to the subscriber circuit in Fig. 3, the number of subscriber 
circuits in a first/third stage switch module can be two or more, and the 
number of subscriber terminals connected to a subscriber circuit can also 
be two or more. Each of the first/third stage switches 610, 611, • • , 61n is 

20 realized by a TDM (Time Division Multiplexing) switch. 

The first/third stage switches 610, 611, • • , 6 In are controlled by 
the central control units 620, 621, • • , 62n, respectively. According to the 
control by the central control unit (620, 621, • • , 62n), the first/third stage 
switch (610, 611, • • , 6 In) sends signals supplied from the subscriber 

25 circuit (630, 631, , 63n) to the TDM line (800, 801, • • , 80n) respectively 
by executing necessary time slot exchange (i.e. data transfer between 
time slots), and sends signals supplied from the TDM line (810, 811, • 
8 In) to the subscriber circuit (630, 631, • • , 63n) respectively by executing 
necessary time slot exchange. The central control unit (620, 621, • •, 62n) 

30 also controls the subscriber circuit (630, 631, • • , 63n). 
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The second stage switch module 700 is composed of a second stage 
switch 710 and a central control unit 720 for controlling the second stage 
switch 710. The second stage switch 710 is realized by a space division 
switch. According to the control by the central control unit 720, the 
5 second stage switch 710 sends signals supplied from one of the first/third 
stage switch modules 600, 601, • • , 60n via the inlet TDM line (800, 
801, • • , 80n) to one of the outlet TDM lines 810, 811, • • , 81n, by 
transferring signals in a channel (time slot) on the inlet TDM line (800, 
801, * • , 80n) to the same channel (time slot) on the outlet TDM line (810, 

10 811, • • , 81n). 

The central control unit (620, 621, • • , 62n) of the first/third stage 
switch module (600, 601, • • , 60n) and the central control unit 720 of the 
second stage switch module 700 execute control of each switch module 
(600, 601, • • , 60n, 700) respectively, however, the central control units 

15 620, 621, * * , 62n and 720 are connected together by a control bus 950. 
Therefore, the central control units 620, 621, • • , 62n and 720 can 
communicate and exchange control information that is necessary for their 
switching operations. 

In the following, the operation of the second conventional high- 

20 capacity electronic switching system of Fig. 3 will be explained briefly. 
Incidentally, in the following explanation, the subscriber terminal 900 
which is connected to the subscriber circuit 630 of the first/third stage 
switch module 600 will be described as a calling subscriber terminal, and 
the subscriber terminal 901 which is connected to the subscriber circuit 

25 631 of the first/third stage switch module 601 will be described as a 
receiving subscriber terminal. 

In order to establish connection between the calling subscriber 
terminal 900 and the receiving subscriber terminal 901, communication 
links have to be set in the first stage switch (i.e. the first/third stage 

30 switch 610) of the first/third stage switch module 600, in the second stage 
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switch 710 of the second stage switch module 700, and in the third stage 
switch (i.e. the first/third stage switch 611) of the first/third stage switch 
module 601. 

In order to set the communication links, the subscriber circuit 630 
5 to which the calling subscriber terminal 900 is connected and the TDM 
line 800 are connected together in the first/third stage switch module 600. 
For this, the central control unit 620 of the first/third stage switch module 
600 requests the central control unit 720 of the second stage switch 
module 700 to select a channel (time slot) that is usable in common on the 

10 TDM lines 800, 811, 801 and 810 which connect the first/third stage 
switch 610 and the first/third stage switch 611 via the second stage 
switch 710, and the central control unit 720 selects the channel (time slot). 
According to the control by the central control unit 620, the first/third 
stage switch 610 transfers signals in a time slot which has been assigned 

15 to the subscriber circuit 630 to the above selected time slot on the TDM 
line 800. 

In the second stage switch module 700, the central control unit 720 
controls the second stage switch 710 and thereby connects the TDM line 
800 to the TDM line 811. For this, the central control unit 720 controls 
20 the second stage switch 710 to transfer signals in the selected channel 
(time slot) on the TDM line 800' to the same channel (time slot) on the 
TDM line 811. 

Subsequently, in the first/third stage switch module 601, the 
central control unit 621 controls the first/third stage switch 611 and 

25 thereby connects the TDM line 811 to the subscriber circuit 631 to which 
the subscriber terminal 901 is connected. For this, the central control 
unit 621 controls the first/third stage switch 611 to transfer signals in the 
time slot on the TDM line 811 to a time slot which has been assigned to 
the subscriber circuit 631. 

30 As explained above, the central control units 620, 621 and 700 
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communicate control information which is necessary for setting the 
communication links between the first/third stage switch modules 600 
and 601, via the control bus 950. Time slot exchanges for signal 
transmission from the subscriber terminal 901 to the subscriber terminal 
5 900 is executed similarly. By the operations described above, a 
communication link is established between the subscriber terminals 900 
and 901. 

Therefore, in the second conventional high-capacity electronic 
switching system of Fig. 3, a high-capacity electronic switching system can 

10 be realized without enlarging the scale of each switch, by employing 
many-stage connection (3-stage connection) of switches, similarly to the 
first conventional high-capacity electronic switching system of Fig. 1. 
Further, as explained above, each first/third stage switch module (600, 
601, • • , 60n) is provided with the central control unit (620, 621, • * , 62n) 

15 for controlling its operation. In other words, the second conventional 
high-capacity electronic switching system of Fig.3 is provided with the 
central control units 620, 621, • • , 62n and 720 dispersively or in a 
decentralized manner. Therefore, the second conventional high-capacity 
electronic switching system is not wholly disabled even if failure occurred 

20 in a central control unit in a first/third stage switch module. For 
example, even when failure occurred in the central control unit 620 of the 
first/third stage switch module 600, data communication between the 
first/third stage switch modules 601 and 602 can be executed normally 
since the central control units 620, 621, • • , 62n and 720 are provided 

25 dispersively. 

However, even in the second conventional high-capacity electronic 
switching system, a communication link between two subscriber 
terminals has to be set via the second stage switch module 700 if the two 
subscriber terminals are connected to different first/third stage switch 

30 modules. Therefore, if an abnormal condition occurred in the second 
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stage switch module 700 and the second stage switch module 700 can not 
execute signal switching normally, the communication link setting 
between the two subscriber terminals becomes impossible. 

In the case where the second stage switch module 700 can not 
5 execute signal switching normally, signal communication between two 
subscriber terminals is possible only when the two subscriber terminals 
are connected to the same first/third stage switch module. In such cases, 
signal switching is executed only in the first/third stage switch module. 
However, if the two subscriber terminals are connected to different 
10 first/third stage switch modules, signal switching and data 
communication between the two subscriber terminals become impossible. 

SUMMARY OF THE INVENTION 
It is therefore the primary object of the present invention to 
15 provide a high-capacity electronic switching system, in which 
communication link setting between the subscriber terminals can be 
executed even when the communication link setting via an upper stage 
switch module (the second stage switch module etc.) is impossible. 

Another object of the present invention is to provide a high- 
20 capacity electronic switching method, by which communication link 
setting between the subscriber terminals can be executed even when the 
communication link setting via an upper stage switch module (the second 
stage switch module etc.) is impossible. 

In accordance with a first aspect of the present invention, there is 
25 provided a high-capacity electronic switching system comprising two or 
more first stage switch modules to each of which one or more subscriber 
terminals are connected and each of which executes signal switching for 
signals from/to the subscriber terminals, and a second stage switch 
module for receiving a signal outputted by one of the first stage switch 
30 modules via a line, switching the signal, and thereby outputting the 
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signal to another one of the first stage switch modules via a line. In the 
high-capacity electronic switching system, each of the first stage switch 
modules is connected to another one of the first stage switch modules via 
a special-purpose link for setting a communication link between the first 
5 stage switch modules when necessary. 

In accordance with a second aspect of the present invention, in the 
first aspect, every two of the first stage switch modules are connected 
together by a line of the special-purpose link directly. 

In accordance with a third aspect of the present invention, in the 
10 first aspect, the special-purpose link connects the first stage switch 
modules so that communication links between every two first stage 
switch modules can at least be set via one or more lines of the special- 
purpose link. 

In accordance with a fourth aspect of the present invention, in the 
15 first aspect, the setting of the communication link via the special-purpose 
link is executed when an abnormal condition of the second stage switch 
module occurred and normal communication link setting between two 
first stage switch modules via the second stage switch module is 
impossible. 

20 In accordance with a fifth aspect of the present invention, in the 

first aspect, the high-capacity electronic switching system includes one or 
more central control units for controlling the first stage switch modules 
and the second stage switch module. 

In accordance with a sixth aspect of the present invention, in the 

25 fifth aspect, the central control units include one or more first central 
control units for controlling the first stage switch modules and a second 
central control unit for controlling the second stage switch module, and 
necessary control information is communicated between the central 
control units via a control bus. 

30 In accordance with a seventh aspect of the present invention, in 
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the sixth aspect, the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the control bus 
such as disconnection occurred and the control information 
communication between the central control units via the control bus is 
5 impossible. 

In accordance with an eighth aspect of the present invention, in 
the first aspect, the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the line between 
the first stage switch module and the second stage switch module such as 
10 disconnection occurred and normal communication link setting between 
two first stage switch modules via the line is impossible. 

In accordance with a ninth aspect of the present invention, in the 
first aspect, the special-purpose link communicates analog signals. 

In accordance with a tenth aspect of the present invention, in the 
15 first aspect, the special-purpose link communicates digital signals. 

In accordance with an eleventh aspect of the present invention, in 
the first aspect, the special-purpose link employs channel associated 
signaling. 

In accordance with a twelfth aspect of the present invention, in 
20 the first aspect, the special-purpose link employs common channel 
signaling. 

In accordance with a thirteenth aspect of the present invention, 
there is provided a high-capacity electronic switching system comprising 
two or more first stage switch modules to each of which one or more 

25 subscriber terminals are connected and each of which executes signal 
switching for signals from/to the subscriber terminals, and two or more 
second stage switch modules each of which executes signal switching 
between the first stage switch modules and signal switching between the 
first stage switch module and a third stage switch module. In the high- 

30 capacity electronic switching system, each of the first stage switch 
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modules is connected to another one of the first stage switch modules via 
a special-purpose link for setting a communication link between the first 
stage switch modules when necessary, and each of the second stage 
switch modules is connected to another one of the switch modules via a 
5 special-purpose link for setting a communication link between the switch 
modules when necessary. 

In accordance with a fourteenth aspect of the present invention, in 
the thirteenth aspect, every two of the second stage switch modules are 
connected together by a line of the special-purpose link directly. 

10 In accordance with a fifteenth aspect of the present invention, in 

the thirteenth aspect, the special-purpose link connects the second stage 
switch modules so that communication links between every two second 
stage switch modules can at least be set via one or more lines of the 
special-purpose link. 

15 In accordance with a sixteenth aspect of the present invention, in 

the thirteenth aspect, the setting of the communication link via the 
special-purpose link is executed when an abnormal condition of an upper 
stage switch module occurred and normal communication link setting 
between two switch modules via the upper stage switch module is 

20 impossible. 

In accordance with a seventeenth aspect of the present invention, 
in the thirteenth aspect, the high-capacity electronic switching system 
includes one or more central control units for controlling the switch 
modules, and necessary control information is communicated between the 

25 central control units via a control bus. 

In accordance with an eighteenth aspect of the present invention, 
in the seventeenth aspect, the setting of the communication link via the 
special-purpose link is executed when an abnormal condition of the 
control bus such as disconnection occurred and the control information 

30 communication between the central control units via the control bus is 



12 



impossible. 

In accordance with a nineteenth aspect of the present invention, 
in the thirteenth aspect, the setting of the communication link via the 
special-purpose link is executed when an abnormal condition of a line 
5 between switch modules such as disconnection occurred and normal 
communication link setting between two switch modules via the line is 
impossible. 

In accordance with a twentieth aspect of the present invention, in 
the thirteenth aspect, the special-purpose link communicates analog 
10 signals. 

In accordance with a twenty-first aspect of the present invention, 
in the thirteenth aspect, the special-purpose link communicates digital 
signals. 

In accordance with a twenty-second aspect of the present 
15 invention, in the thirteenth aspect, the special-purpose link employs 
channel associated signaling. 

In accordance with a twenty-third aspect of the present invention, 
in the thirteenth aspect, the special-purpose link employs common 
channel signaling. 

20 In accordance with a twenty-fourth aspect of the present 

invention, there is provided a high-capacity electronic switching method 
for a high-capacity electronic switching system including two or more first 
stage switch modules to each of which one or more subscriber terminals 
are connected and each of which executes signal switching for signals 

25 from/to the subscriber terminals, and a second stage switch module for 
receiving a signal outputted by one of the first stage switch modules via a 
line, switching the signal, and thereby outputting the signal to another 
one of the first stage switch modules via a line. According to the high- 
capacity electronic switching method, each of the first stage switch 

30 modules is connected to another one of the first stage switch modules via 
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a special-purpose link, and a communication link is set between the first 
stage switch modules via the special-purpose link when necessary. 

In accordance with a twenty-fifth aspect of the present invention, 
in the twenty-fourth aspect, every two of the first stage switch modules 
5 are connected together by a line of the special-purpose link directly. 

In accordance with a twenty-sixth aspect of the present invention, 
in the twenty-fourth aspect, the special-purpose link is connected so that 
communication links between every two first stage switch modules can at 
least be set via one or more lines of the special-purpose link. 

10 In accordance with a twenty-seventh aspect of the present 

invention, in the twenty-fourth aspect, the setting of the communication 
link via the special-purpose link is executed when an abnormal condition 
of the second stage switch module occurred and normal communication 
link setting between two first stage switch modules via the second stage 

15 switch module is impossible. 

In accordance with a twenty-eighth aspect of the present 
invention, in the twenty-fourth aspect, the setting of the communication 
link via the special-purpose link is executed when an abnormal condition 
of a control bus for communicating necessary control information between 

20 central control units of the switch modules occurred and the control 
information communication between the central control units via the 
control bus is impossible. 

In accordance with a twenty-ninth aspect of the present invention, 
in the twenty-fourth aspect, the setting of the communication link via the 

25 special-purpose link is executed when an abnormal condition of the line 
between the first stage switch module and the second stage switch 
module such as disconnection occurred and normal communication link 
setting between two first stage switch modules via the line is impossible. 
In accordance with a thirtieth aspect of the present invention, 

30 there is provided a high-capacity electronic switching method for a high- 
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capacity electronic switching system including two or more first stage 
switch modules to each of which one or more subscriber terminals are 
connected and each of which executes signal switching for signals from/to 
the subscriber terminals, and two or more second stage switch modules 
5 each of which executes signal switching between the first stage switch 
modules and signal switching between the first stage switch module and a 
third stage switch module. According to the high-capacity electronic 
switching method, each of the first stage switch modules is connected to 
another one of the first stage switch modules via a special-purpose link, 

10 and a communication link is set between the first stage switch modules 
via the special-purpose link when necessary, and each of the second stage 
switch modules is connected to another one of the switch modules via a 
special-purpose link, and a communication link is set between the switch 
modules via the special-purpose link when necessary. 

15 In accordance with a thirty-first aspect of the present invention, 

in the thirtieth aspect, every two of the second stage switch modules are 
connected together by a line of the special-purpose link directly. 

In accordance with a thirty-second aspect of the present invention, 
in the thirtieth aspect, the special-purpose link is connected so that 

20 communication links between every two second stage switch modules can 
at least be set via one or more lines of the special-purpose link. 

In accordance with a thirty-third aspect of the present invention, 
in the thirtieth aspect, the setting of the communication link via the 
special-purpose link is executed when an abnormal condition of an upper 

25 stage switch module occurred and normal communication link setting 
between two switch modules via the upper stage switch module is 
impossible. 

In accordance with a thirty- fourth aspect of the present invention, 
in the thirtieth aspect, the setting of the communication link via the 
30 special-purpose link is executed when an abnormal condition of a control 
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bus for communicating necessary control information between central 
control units of the switch modules occurred and the control information 
communication between the central control units via the control bus is 
impossible. 

5 In accordance with a thirty-fifth aspect of the present invention, 

in the thirtieth aspect, the setting of the communication link via the 
special-purpose link is executed when an abnormal condition of a line 
between switch modules such as disconnection occurred and normal 
communication link setting between two switch modules via the line is 
10 impossible. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The objects and features of the present invention will become 
more apparent from the consideration of the following detailed 
15 description taken in conjunction with the accompanying drawings, in 
which: 

Fig.l is a schematic block diagram showing a first example of a 
conventional high-capacity electronic switching system which is realized 
by 3 stages of switches; 
20 Fig.2 is a schematic block diagram showing a case where failure 

occurred in the central control unit of the conventional high-capacity 
electronic switching system of Fig.l; 

Fig.3 is a schematic block diagram showing a second example of a 
conventional high-capacity electronic switching system which is realized 
25 by 3 stages of switches; 

Fig.4 is a schematic block diagram showing a high-capacity 
electronic switching system according to a first embodiment of the 
present invention; 

Fig.5A is a schematic diagram showing an example of a space 
30 division switch; 
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Fig.5B is a schematic diagram showing an example of a TDM 

switch; 

Fig. 6 is a schematic diagram showing examples of subscriber 
terminals which can be connected to first/third stage switch modules of 
5 the high-capacity electronic switching system of Fig. 4; 

Fig.7 is a schematic diagram showing an example of connection 
of a special-purpose link of the high-capacity electronic switching system 
of Fig. 4; 

Fig.8 is a schematic diagram showing another example of 
10 connection of the special-purpose link; 

Fig. 9 is a flow chart showing the operation of the high-capacity 
electronic switching system of Fig.4; 

Fig.lOA is a schematic diagram showing a case where a space 
division switch of a second stage switch module of the high-capacity 
15 electronic switching system of Fig.4 is in an abnormal condition; 

Fig. 10B is a schematic diagram showing a case where a central 
control unit of the second stage switch module is in an abnormal 
condition; 

Fig. 11A is a schematic diagram showing a case where a control 
20 bus of the high-capacity electronic switching system of Fig.4 is in an 
abnormal condition; 

Fig. 1 IB is a schematic diagram showing a case where TDM lines 
for connecting the second stage switch module and the first/third stage 
switch modules are in an abnormal condition; 
25 Fig. 12 is a schematic diagram showing an example of the 

operation of the high-capacity electronic switching system of Fig.4 for 
setting a communication link via the special-purpose link; 

Fig.l3A is a schematic block diagram showing central control 
units of the high-capacity electronic switching system of Fig.4 which are 
30 provided to each switch module in a decentralized manner; 
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Fig.l3B is a schematic block diagram showing a case where 
failure occurred to the central control unit of the second stage switch 
module; and 

Fig. 14 is a schematic block diagram showing a high-capacity 
5 electronic switching system according to a second embodiment of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to the drawings, a description will be given in 
10 detail of preferred embodiments in accordance with the present invention. 

Fig. 4 is a schematic block diagram showing a high-capacity 
electronic switching system according to a first embodiment of the 
present invention. The high-capacity electronic switching system shown 
in Fig. 4 employs alternative communication links for the TDM 
15 communication links. 

Referring to Fig.4, the high-capacity electronic switching system 
of the first embodiment employs 3-stage connection of switches similarly 
to the prior art. The high-capacity electronic switching system is mainly 
composed of a second stage switch module 200, n+1 (n: integer larger than 
20 0) first/third stage switch modules 100, 101, • lOn, and a special-purpose 
link 500. 

The first/third stage switch module 100 includes a subscriber 
circuit 130, a special-purpose link interface 140, a TDM (Time Division 
Multiplexing) switch 110 and a central control unit 120 for controlling the 

25 subscriber circuit 130, the special-purpose link interface 140 and the 
TDM switch 110. Similarly, each first/third stage switch module (101, 
102, • • , lOn) includes a subscriber circuit (131, 132, • • , 13n), a 
special-purpose link interface (141, 142, • • , 14n), a TDM switch (111, 
112, • *, lln) and a central control unit (121, 122, • •, 12n), respectively. 

30 The second stage switch module 200 includes a space division 
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switch 210 and a central control unit 220 for controlling the space division 
switch 210. 

In the following, an explanation on the TDM (Time Division 
Multiplexing) switch and the space division switch will be given referring 
5 to Fig.5A and Fig.5B. Fig.5A is a schematic diagram showing an 
example of a space division switch, and Fig.5B is a schematic diagram 
showing an example of a TDM switch. 

The space division switch 11000 shown in Fig.5A is a switch for 
physically and separately connecting TDM lines 10001, 10002, • • , lOOOn 
10 on the left-hand side of Fig.5A with different TDM lines 10011, 
10012, • * , lOOln on the right-hand side of Fig.5A. The space division 
switch 11000 realizes its switching operation by transferring a signal in a 
time slot on an inlet TDM line into the same time slot on an outlet TDM 
line. Incidentally, the "n" in the above notation means an arbitrary 
15 integer larger than 1, and thus the number of the TDM lines connected to 
the space division switch 11000 can be varied arbitrarily. 

The TDM switch 12000 shown in Fig.5B is a switch for changing 
the order of signals which have been transmitted by an inlet TDM line 
10021 (i.e. interchanging time slots), and outputting the interchanged 
20 signals to an outlet TDM line 10023. Incidentally, while time slots 0 
through 100 have been time division multiplexed in the example of Fig.5B, 
the number of multiplexed time slots can be varied arbitrarily. 

In the following, the central control unit (120, 121, • • , 12n) 
provided in the first/third stage switch module (100, 101, * * , lOn) and the 
25 central control unit 220 provided in the second stage switch module 200 
which are shown in Fig. 4 will be explained. 

The central control units 120, 121, * • , 12n of the first/third stage 
switch modules 100, 101, • • , lOn and the central control unit 220 of the 
second stage switch module 200 are connected together by a control bus 
30 550, and control information necessary for connection of communication 
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links between the switch modules is communicated via the control bus 
550. 

The TDM switch 110 of the first/third stage switch module 100 is 
connected with the space division switch 210 of the second stage switch 
5 module 200 via TDM lines 300 and 310. Similarly, each of the TDM 
switches 111, 112, • • , lln of the first/third stage switch modules 101, 
102, • • , lOn is connected with the space division switch 210 of the second 
stage switch module 200 via a TDM line (301, 302, • • , 30n) and a TDM 
line (311, 312, • • , 31n), respectively. 

10 The TDM lines 300, 301, • • , 30n are utilized for transmitting 

signals from the first/third stage switch modules 100, 101, * • , lOn to the 
second stage switch module 200, and the TDM lines 310, 311, * • , 31n are 
utilized for transmitting signals from the second stage switch module 200 
to the first/third stage switch modules 100, 101, • • , lOn. 

15 To the first/third stage switch modules 100, 101, • • , lOn, 

subscriber terminals 400, 401, • • , 40n are connected via subscriber 
circuits 130, 131, • • , 13n, respectively. 

Incidentally, while each first/third stage switch module (100, 
101, • • , lOn) includes only one subscriber circuit (130, 131, * • , 13n), and 

20 only one subscriber terminal (400, 401, • • , 40n) is connected to the 
subscriber circuit in Fig. 4, the number of subscriber circuits in a 
first/third stage switch module can be two or more, and the number of 
subscriber terminals connected to a subscriber circuit can also be two or 
more. 

25 Various types of subscriber terminals can be connected to the 

first/third stage switch modules 100, 101, • • , lOn as the subscriber 
terminals 400, 401, * • , 40n shown in Fig. 4. Fig. 6 is a schematic 
diagram showing examples of subscriber terminals which can be 
connected to the first/third stage switch module (100, 101, • • , lOn) of the 

30 high-capacity electronic switching system according to the present 
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invention. Referring to Fig. 6, the first/third stage switch module 7000 is 
connected with the special-purpose link 500 (via a special-purpose link 
interface) and TDM lines 7009 and 7011 (to/from the second stage switch 
module 200). To the first/third stage switch module 7000, a server 7001, 
5 a facsimile machine 7003, a telephone set 7005 and a personal computer 
7007 are connected as the subscriber terminals 400, 401, • • , 40n. 
Incidentally, while subscriber terminals of different types are connected 
to the first/third stage switch module 7000 in Fig.6, of course, two or more 
subscriber terminals of the same type can also be connected to the 

10 first/third stage switch module 7000. In addition, other types of 
subscriber terminals such as an ATM-LAN, an ISDN extension, an ATM 
multiplexing system (such as an ATM switch), a BS repeater, etc. can also 
be connected to the first/third stage switch module 7000. 

In the following, the high-capacity electronic switching system of 

15 the first embodiment will be explained more in detail. The high-capacity 
electronic switching system of Fig. 4 is provided with the special-purpose 
link 500 for connecting the first/third stage switch modules 100, 101, • • , 
lOn. Therefore, each first/third stage switch module (100, 101, • • , lOn) 
is provided with the special-purpose link interface (140, 141, • • , 14n) for 

20 connecting the first/third stage switch module (100, 101, • • , lOn) to the 
special-purpose link 500. 

The special-purpose link 500 is realized by electrically connecting 
the first/third stage switch modules 100, 101, • • , lOn by wire or lines. 
Figs. 7 and 8 are schematic diagrams showing examples of connection of 

25 the special-purpose link 500. 

Referring to the first example of Fig. 7, the special-purpose link 500 
connects the n+1 first/third stage switch modules 100, 101, • • , lOn by 
(n+l)n/2 lines including lines 321, 32a and 32b which are shown in Fig. 7. 
In Fig. 7, the line 321 is directly connecting the first/third stage switch 

30 modules 100 and 101, the line 32a is directly connecting the first/third 
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stage switch modules 100 and lOn, and the line 32b is directly connecting 
the first/third stage switch modules 101 and lOn. Each line (321, 
322, • • ) directly connects two of the first/third stage switch modules 100, 
101, • • , lOn, and every two first/third stage switch modules are 
5 connected by a line of the special-purpose link 500 directly. 

By such connection of the special-purpose link 500, even when the 
second stage switch module 200 is in an abnormal condition and can not 
operate normally, the communication link between two first/third stage 
switch modules can be established via the special-purpose link 500 (not 

10 via the second stage switch module 200), by control operations which will 
be described later. 

Referring to the second example of Fig. 8, the special-purpose link 
500 connects the n+1 first/third stage switch modules 100, 101, • \ lOn by 
n lines including lines 421, 422 and 42n which are shown in Fig. 8. In 

15 Fig. 8, the line 421 is directly connecting the first/third stage switch 
modules 100 and 101, the line 422 is directly connecting the first/third 
stage switch modules 101 and 102, and the line 42n is directly connecting 
the first/third stage switch modules 10(n-l) and lOn. To sum up, each 
line (421, 422, • • , 42n) directly connects two adjacent first/third stage 

20 switch modules. Therefore, for example, the first/third stage switch 
modules 100 and lOn are not directly connected by a line. However, the 
first/third stage switch modules 100 and lOn are connected together by 
lines 421 through 42n and the first/third stage switch modules 101 
through 10(n-l). 

25 Even by such connection of the special-purpose link 500, the 

communication link between two first/third stage switch modules can be 
established via the special-purpose link 500. For example, in the 
example of Fig. 8, a communication link between the first/third stage 
switch modules 100 and lOn can be established via the lines 421 through 

30 42n (i.e. via the first/third stage switch modules 101 through 10(n-l)). 
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Incidentally, while no two first/third stage switch modules which are not 
adjacent each other are not directly connected by a line of the special- 
purpose link 500 in Fig. 8, the connection of the special-purpose link 500 
of Fig. 8 is the simplest example, and thus the special-purpose link 500 
can also have some lines connecting first/third stage switch modules 
which are not adjacent each other. Establishment of a communication 
link between two first/third stage switch modules via the special-purpose 
link 500 is possible if every two first/third stage switch modules are at 
least connected by lines of the special-purpose link 500. Therefore, the 
connection of second example can be expressed as "connection in which 
communication links between every two first/third stage switch modules 
can at least be set via one or more lines of the special-purpose link 500". 

Therefore, also by the connection of the special-purpose link 500 of 
the second example, even when the second stage switch module 200 is in 
an abnormal condition and can not operate normally, the communication 
link between two first/third stage switch modules can be established via 
the special-purpose link 500 (not via the second stage switch module 200), 
by control operations which will be described later. 

As explained above, the high-capacity electronic switching system 
of the first embodiment has two ways for setting the communication link 
between the first/third stage switch modules 100, 101, • • , lOn, that is, 
setting the communication link via the second stage switch module 200, 
and setting the communication link via the special-purpose link 
interfaces 140, 141, • • , 14n and the special-purpose link 500. 

The types of the special-purpose link interfaces 140, 141, • • , 14n, 
the special-purpose link 500, and signals transmitted by them are not 
particularly limited, as long as communication between the first/third 
stage switch modules can be realized. Signals transmitted by the 
special-purpose link 500 can be analog signals or digital signals, and the 
signaling method employed by the special-purpose link 500 can be 



23 



"channel associated signaling" or "common channel signaling". 
Incidentally, the channel associated signaling means a signaling method 
in which each line for transmitting signals (speech signals etc.) is 
provided with a control signal line for transmitting connection control 
information signals, in a one-to-one correspondence. The channel 
associated signaling includes a case where each line for transmitting 
signals also transmits the connection control information signals. The 
common channel signaling means a signaling method in which a control 
signal line is provided in order to transmit the connection control 
information signals for two or more lines (speech circuits etc.). 

In the following, the operation of the high-capacity electronic 
switching system of the first embodiment will be described referring to 
Fig. 9. Fig. 9 is a flow chart showing the operation of the high-capacity 
electronic switching system of Fig.4. 

When a subscriber terminal (400, 401, • • , 40n) requested a call 
(step Si), a first/third stage switch module (100, 101, • • , lOn) to which 
the subscriber terminal is connected receives the request. Subsequently, 
a central control unit (120, 121, • • , 12n) of the first/third stage switch 
module that received the call request judges whether or not a 
communication link according to the call request can be set via the second 
stage switch module 200 (step S3). 

If the central control unit judged that the setting of the 
communication link via the second stage switch module 200 is possible 
("Yes" in the step S3), setting of the communication link via the second 
stage switch module 200 is executed (step S5), and thereafter the 
subscriber terminal goes into conversation status (step S7). 

The setting of the communication link via the second stage switch 
module 200 is realized by the following control operations. As the 
control operations for setting the communication link (between the 
subscriber circuit 130 and the subscriber circuit 131, for example) via the 
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second stage switch module 200, the central control unit 220 of the second 
stage switch module 200 selects idle channels on the inlet TDM lines and 
the outlet TDM lines of the space division switch 210, the TDM switches 
110 and 111 execute time slot exchange (data transfer between time slots) 
according to the time slots selected by the central control unit 220, and 
the space division switch 210 executes signal exchange between the same 
channels (time slots) on the TDM lines 300 and 311 and signal exchange 
between the same channels (time slots) on the TDM lines 301 and 310. 

If the central control unit (120, 121, • • , 12n) judged that the 
setting of the communication link via the second stage switch module 200 
is impossible due to failure, maintenance, etc. ("No" in the step S3), the 
process proceeds to step S9. In the step S9, the central control unit that 
received the call request executes connection of a communication link via 
the special-purpose link 500, and thereafter, the subscriber terminal goes 
into the conversation status (step S7). Control operations for setting the 
communication link via the special-purpose link 500 will be described 
later. 

In the following, the operation of the high-capacity electronic 
switching system of the first embodiment will be described more in detail 
referring to Fig. 4. 

First, a case where the second stage switch module 200 operates 
normally will be explained, taking a case where the subscriber terminal 
400 connected to the first/third stage switch module 100 operates as the 
transmitting side and the subscriber terminal 401 connected to the 
first/third stage switch module 101 operates as the receiving side, as an 
example. Incidentally, communication link setting in this normal case is 
executed in the same way as in the conventional high-capacity electronic 
switching system of Fig. 3. 

As mentioned before, the central control units 120, 121 and 220 of 
the switch modules communicate control information necessary for 
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connecting the communication link between the switch modules, via the 
control bus 550. By the control information communication, the central 
control unit 220 of the second stage switch module 200 selects idle 
channels (idle time slots) on the inlet/outlet TDM lines of the space 
division switch 210. Based on the selected idle channels, time slot 
exchange between the subscriber terminal and the TDM line is executed 
by the TDM switch 110 in the first/third stage switch module (first stage 
switch module) 100 and by the TDM switch 111 in the first/third stage 
switch module (third stage switch module) 101. In the second stage 
switch module 200, signal exchange (time slot exchange) between the 
same channels (time slots) on the TDM lines 300 and 311 and signal 
exchange between the same channels on the TDM lines 301 and 310 are 
executed by the space division switch 210. By the above control 
operations, the communication link is formed between the subscriber 
circuit 130 and the subscriber circuit 131. 

Next, a case where the second stage switch module 200 can not 
operate normally and communication link setting via the second stage 
switch module 200 is impossible will be explained, taking the case where 
the subscriber terminal 400 is the transmitting side and the subscriber 
terminal 401 is the receiving side as an example. The operation in this 
case is characteristic of the high-capacity electronic switching system 
according to the present invention. 

The first/third stage switch modules 100, 101, • lOn detect or are 
informed by the second stage switch module 200 that communication link 
setting via the second stage switch module 200 is impossible due to 
failure of the second stage switch module 200 etc. In such cases, the 
first/third stage switch modules 100, 101, • • , lOn can execute signal 
switching only via communication links not passing the second stage 
switch module 200. 

In order to connect a communication link between the subscriber 
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terminals 400 and 401 in such cases, the first/third stage switch modules 
100 and 101 are connected together using the special-purpose link 500, 
since the second stage switch module 200 can not be used for connection. 
As explained before referring to Figs. 7 and 8, the special-purpose link 500 
connects every two first/third stage switch modules using one or more of 
its lines. Wiring of the special-purpose link 500 to be used for connecting 
two first/third stage switch modules is not necessarily limited to one 
wiring. For example, with regard to wiring between the first/third stage 
switch modules 100 and 105, the special-purpose link 500 can be provided 
with two or more lines which directly connect the first/third stage switch 
modules 100 and 105 in order to meet large traffic volume. Or, the 
special-purpose link 500 can have a line connecting the first/third stage 
switch modules 100 and 101 and a line connecting the first/third stage 
switch modules 101 and 105 as well as having a line directly connecting 
the first/third stage switch modules 100 and 105. Wirings of the 
special-purpose link 500 (i.e. combinations of lines in the special-purpose 
link 500) to be used for connecting two first/third stage switch modules 
have previously been determined, and the priority order between the 
wirings has preliminarily been set. Once a wiring of the special-purpose 
link 500 is determined to be used for a call, the wiring is not altered 
during the call. 

For setting the communication link between the subscriber 
terminal 400 which is connected to the first/third stage switch module 100 
and the subscriber terminal 401 which is connected to the first/third stage 
switch module 101, the central control unit 120 of the first/third stage 
switch module 100 determines to set a communication link using the 
special-purpose link 500 not using the second stage switch module 200, 
and checks whether or not an idle circuit exists in the special-purpose 
link interface 140 which is connected to a line of the special-purpose link 
500 that is connected to the destination first/third stage switch module 
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101. 

If there is an idle circuit, the central control unit 120 selects and 
seizes the idle circuit of the special-purpose link interface 140, and 
executes calling operation to the destination first/third stage switch 
module 101 via the special-purpose link interface 140. Concretely, the 
central control unit 120 of the first/third stage switch module 100 can 
recognize that the destination first/third stage switch module is the 
first/third stage switch module 101, since the central control unit 120 has 
received selection information (a telephone number, an IP address, etc.) of 
the called subscriber terminal 401 from the subscriber terminal 400. 

While only one special-purpose link interface 140 is connected to 
the TDM switch 110 in Fig. 4, a plurality of special-purpose link interfaces 
can be connected to the TDM switch 110 via TDM lines. Therefore, the 
central control unit 120 selects and seizes one idle circuit of one of the 
special-purpose link interfaces (the special-purpose link interface 141) 
that is connected to a line of the special-purpose link 500 that is 
connected to the destination first/third stage switch module 101. 

The TDM switch 110 of the first/third stage switch module 100 
transfers information in a time slot (corresponding to the subscriber 
terminal 400) on the inlet TDM line to a time slot (that corresponds to the 
seized idle circuit of the special-purpose link interface 141) on the outlet 
TDM line (corresponding to the special-purpose link interface 141). 

Incidentally, prior to the connection operation (switching 
operation) described above, a control operation (communication of an 
activation signal, a connection confirm signal, etc.) is executed between 
the first/third stage switch modules 100 and 101, and the selection 
information (a selection signal) is sent to the first/third stage switch 
module 101, in order to form a communication link between the special- 
purpose link interface 141 and the called subscriber terminal 401 in the 
destination first/third stage switch module 101. 
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In the first/third stage switch module 101, the central control unit 
121 detects by the selection information that the calling received by the 
special-purpose link interface 141 is a calling to the subscriber terminal 
401, and connects the special-purpose link interface 141 and the 
subscriber circuit 131 if the subscriber terminal 401 is in an idle condition. 
The connection operation in the first/third stage switch module 101 is 
executed similarly to the connection operation in the first/third stage 
switch module 100 which has been described above. 

Concretely, the TDM switch 111 of the first/third stage switch 
module 101 transfers signals in a time slot supplied from the special- 
purpose link interface 141 (which received the call) into a time slot on its 
outlet TDM line corresponding to the subscriber terminal 401. Due to 
the connection operation, when the subscriber terminal 401 responded to 
the call, the central control unit 120 in the first/third stage switch module 
100 executes the aforementioned connection control and thereby 
establishes the communication link between the subscriber circuit 130 
and the special-purpose link interface 140, that is, the time slot exchange 
by the TDM switch 110 is actually executed. 

As mentioned before, the types of the special-purpose link 500, the 
special-purpose link interfaces 140, 141, • • , 14n, signals transmitted by 
them, and the signaling method are not particularly limited, and ordinary 
ones which are generally employed for connection between switches can 
be employed. Via the special-purpose link 500 and the special-purpose 
link interfaces 140, 141, • • , 14n, communication link setting between the 
first/third stage switch modules 100, 101, • • • , lOn is executed. 

Therefore, even when the communication link setting via the 
second stage switch module 200 is impossible (for example, when failure 
(an abnormal condition) occurred in the second stage switch module 200), 
a communication link between the subscriber terminal 400 which is 
connected to the first/third stage switch module 100 and the subscriber 
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terminal 401 which is connected to the first/third stage switch module 101 
can be set without using the second stage switch module 200. 

In the following, some cases in which communication link setting 
via the second stage switch module 200 is impossible will be shown 
5 referring to Figs.lOA, 10B, 11A and 11B. 

The first is the case shown in Fig.lOA in which the space division 
switch 210 of the second stage switch module 200 is in an abnormal 
condition. In this case, abnormality of space division switch 210 is 
detected by the central control unit 220, and the central control unit 220 
10 informs the central control units 120, 121, • • , 12n of the first/third stage 
switch modules 100, 101, • • , lOn about the abnormal condition. 

The second is the case shown in Fig.lOB in which the central 
control unit 220 of the second stage switch module 200 is in an abnormal 
condition. The second case includes failure in the central control unit 
15 220 and power failure to the central control unit 220. In this case, 
communication between the central control unit 220 and the first/third 
stage switch modules 100, 101, • • , lOn via the control bus 550 is 
impossible. 

The third is the case shown in Fig.llA in which the control bus 550 
20 is in an abnormal condition. In this case, data communication between 
the second stage switch module 200 and the first/third stage switch 
modules 100, 101, • • , lOn via the control bus 550 is impossible due to the 
abnormality of the control bus 550. 

The fourth is the case shown in Fig. 1 IB in which the TDM lines 
25 300, 301, • • , 30n, 310, 311, ■ • , 31n which connect the second stage 
switch module 200 and the first/third stage switch modules 100, 101, • • , 
lOn are in abnormal conditions. Incidentally, while Fig. 1 IB is showing a 
case where all the TDM lines 300, 301, • * , 30n, 310, 311, • • , 31n are 
in abnormal conditions as an example, the fourth case includes all the 
30 cases in which communication link setting via the second stage switch 
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module 200 is impossible due to abnormal conditions of one or more TDM 
lines. In these cases, a central control unit (120, 121, • • , 12n) of a 
first/third stage switch module (100, 101, • • , lOn) detects that 
communication link setting between the first/third stage switch module 
(100, 101, • • , lOn) and the second stage switch module 200 is impossible 
due to abnormality of the TDM line and informs the second stage switch 
module 200 about the status via the control bus 550, or the central control 
unit 220 of the second stage switch module 200 detects that 
communication link setting between the second stage switch module 200 
and a first/third stage switch module (100, 101, • • , lOn) is impossible due 
to abnormality of the TDM line and informs the first/third stage switch 
module (100, 101, • • , lOn) about the status via the control bus 550. 

While the above four cases have been described, the cases where 
communication link setting via the second stage switch module 200 is 
impossible are not limited to the above four cases shown in Figs.lOA 
through 11B. For example, combinations of the above cases etc. are also 
included. 

Incidentally, in the high-capacity electronic switching system of 
this embodiment, the number of channels in each TDM line (300, 301, 
30n, 310, 311, • • , 31n) and the capacity of the space division switch 210 
are set large enough so that all' of the subscriber circuits and the trunk 
circuits connected to each first/third stage switch module can be 
connected to all other first/third stage switch modules, since the 
communication link setting should usually be executed via the second 
stage switch module 200. Meanwhile, the number of channels in each 
line of the special-purpose link 500 for being used for the communication 
link setting without the second stage switch module 200 can be set 
adequately according to design requirements etc. 

In the following, the operation of the high-capacity electronic 
switching system for setting the communication link via the special- 
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purpose link 500 in the case where the communication link setting via the 
second stage switch module 200 is impossible will be described referring 
to Fig. 12. Fig. 12 is a schematic diagram showing an example of the 
operation of the high-capacity electronic switching system for setting the 
5 communication link via the special-purpose link 500. 

Fig. 12 depicts an example in which the transmitting side 
subscriber terminal is a telephone set 901 and the receiving side 
subscriber terminal is a telephone set 903, and the telephone sets 901 and 
903 are subscriber terminals connected to the first/third stage switch 

10 modules 100 and 101 respectively. 

First, the telephone set 901 executes call origination, that is, a 
calling party lifts the handset (step Tl). Subsequently, the first/third 
stage switch module 100 which detected the call origination sends back 
the dial tone to the telephone set 901 (step T2). Subsequently, the 

15 calling party dials and the telephone set 901 sends the dial pulse to the 
first/third stage switch module 100 (step T3). Subsequently, the 
first/third stage switch module 100 which received the dial pulse sends an 
activation signal to the first/third stage switch module 101 via the 
special-purpose link 500, since the second stage switch module 200 can 

20 not be used (step T4). Subsequently, the first/third stage switch module 
101 which received the activation signal sends a connection confirm 
signal to the first/third stage switch module 100 via the special-purpose 
link 500 (step T5). Subsequently, the first/third stage switch module 100 
which received the connection confirm signal sends a selection signal 

25 (address signal) to the first/third stage switch module 101 via the 
special-purpose link 500 (step T6). 

Subsequently, the first/third stage switch module 101 which 
received the selection signal requests the first/third stage switch module 
100 via the special-purpose link 500 to output the ring back tone (RBT) to 

30 the telephone set 901, and sends a ringing signal to the telephone set 903 



32 



(step T7). Subsequently, the telephone set 903 which received the 
ringing signal responds to the ringing, that is, a receiving party (called 
party) lifts the handset of the telephone set 903 (step T8). Subsequently, 
the first/third stage switch module 101 sends an off-hook signal (answer 
5 signal) to the first/third stage switch module 100 via the special-purpose 
link 500, and the first/third stage switch module 100 which received the 
off-hook signal stops the ring back tone to the telephone set 901 (step T9). 
Subsequently, communication (conversation) between the telephone sets 
901 and 903 is done via the special-purpose link 500 (step T10). 

10 Subsequently, the telephone set 903 releases the extension, that is, 

the called party puts down the handset, and the status is detected by the 
first/third stage switch module 101 (step Til). Subsequently, the 
first/third stage switch module 101 sends an on-hook signal (hang-up 
signal) to the first/third stage switch module 100 via the special-purpose 

15 link 500, and the first/third stage switch module 100 which received the 
on-hook signal sends the reorder tone or the busy tone (BT) to the 
telephone set 901 (step T12). Subsequently, the telephone set 901 which 
detected the reorder tone or the busy tone releases the extension, that is, 
the calling party puts down the handset, and the status is detected by the 

20 first/third stage switch module 100 (step T13). Subsequently, the 
first/third stage switch module' 100 sends a disconnect signal to the 
first/third stage switch module 101 via the special-purpose link 500 (step 
T14), and thereby the communication between the telephone sets 901 and 
903 is finished. Incidentally, the operation which has been shown in 

25 Fig. 12 is only an example, and thus some steps in Fig. 12 can be omitted if 
unnecessary, or some steps can be added if necessary. 

As described above, in the high-capacity electronic switching 
system according to the first embodiment of the present invention, the 
communication link between subscriber terminals can be established via 

30 the special-purpose link 500 even if the communication link setting via 
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the second stage switch module 200 is impossible, and thereby 
communication between the subscriber terminals can be realized via the 
special-purpose link 500. Therefore, according to the first embodiment, 
a high-capacity electronic switching system which is resistant to failure 
5 (abnormal conditions) can be provided. 

In addition, in the high-capacity electronic switching system of the 
first embodiment, central control units of the first/third stage switch 
modules and the second stage switch module are provided dispersively or 
in a decentralized manner as shown in Fig.l3A, therefore, the risk of 

10 failure is partitioned among many switch modules. For example, when 
failure occurred to the central control unit 220 of the second stage switch 
module 200 as shown in Fig.l3B, the second stage switch module 200 can 
not operate normally and the normal communication link setting via the 
second stage switch module 200 becomes impossible since the second 

15 stage switch module 200 is controlled by the central control unit 220. 
However, the central control units 120 and 121 can normally control the 
first/third stage switch modules 100 and 101, and thus a communication 
link can be set between the first/third stage switch modules 100 and 101 
via the special-purpose link 500. 

20 Incidentally, while description has been given above on the 

assumption that control information necessary for the communication 
link setting via the special-purpose link 500 is communicated between the 
central control units of the first/third stage switch modules via the 
special-purpose link 500, the control information for the communication 

25 link setting via the special-purpose link 500 can also be communicated 
via the control bus 550 if the control bus 550 is usable. 

Fig. 14 is a schematic block diagram showing a high-capacity 
electronic switching system according to a second embodiment of the 
present invention. The high-capacity electronic switching system of 

30 Fig. 14 is not a switching system of the 3-stage connection. The number 
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of stages (switch modules) to be used for usual communication link 
setting between two subscriber terminals can be an arbitrary number in 
the high-capacity electronic switching system of Fig. 14, differently from 
the 3-stage switching system of the first embodiment. 
5 Referring to Fig. 14, the high-capacity electronic switching system 

of the second embodiment includes n (n: integer larger than 1) second 
stage switch modules 8401, 8402, • • , 840n and first/m-th stage switch 
modules 8101, 8102, • * , 8n0c. One or more first/m-th stage switch 
modules 8101, 8102, • • , 810a are connected to the second stage switch 

10 module 8401, one or more first/m-th stage switch modules 8201, 8202, • • , 
820b are connected to the second stage switch module 8402, • * • , and one 
or more first/m-th stage switch modules 8n01, 8n02, • • , 8n0c are 
connected to the second stage switch module 840n. Incidentally, the 
number "m" in the above expressions "first/m-th stage switch modules" is 

15 not a fixed number, but varies depending on each call. 

In Fig. 14, the first/m-th stage switch modules to which subscriber 
terminals are connected are not connected together by one special- 
purpose link as in the first embodiment, but are connected by a special- 
purpose link 8001 (which connects the first/m-th stage switch modules 

20 8101, 8102, • • , 810a), a special-purpose link 8002 (which connects the 
first/m-th stage switch modules 8201, 8202, • • , 820b), • • , and a 
special-purpose link 800n (which connects the first/m-th stage switch 
modules 8n01, 8n02, • • , 8n0c), respectively and dispersively (in a 
decentralized manner). Such connection of the special-purpose links is 

25 advantageous for reducing cost and simplifying the structure of the high- 
capacity electronic switching system. 

Although not shown in Fig. 14, the second stage switch modules 
8401, 8402, • • , 840n are connected to one or more third stage switch 
modules via TDM lines 8601, 8602, • • , 860n. In the same way, the one 

30 or more third stage switch modules can be connected to one or more 
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fourth stage switch modules, and such connection can be continued to a 
predetermined stage number. 

In addition, while the special-purpose link 500 in the first 
embodiment connected the first/third stage switch modules only, the 
5 high-capacity electronic switching system of the second embodiment is 
provided with a special-purpose link 8100 for connecting the second stage 
switch modules 8401, 8402, • * , 840n together, as well as the special- 
purpose links 8001, 8002, • • , 800n connecting the first/m-th stage switch 
modules 8101, 8102, • • , 8n0c dispersively. 

10 Incidentally, while all the second stage switch modules 8401, 

8402, • • , 840n are connected together by one special-purpose link 8100 in 
the example of Fig. 14, the second embodiment is not limited to such an 
example. For example, the second stage switch modules 8401, 8402, • • , 
840n can be divided into two or more groups, and two or more special- 

15 purpose links can be provided in order to connect the second stage switch 
modules of each of the groups dispersively in the same way as the 
special-purpose links 8001, 8002, • • , 800n connecting the first/m-th stage 
switch modules 8101, 8102, • • , 8n0c dispersively. Such connection is 
advantageous for reducing cost and simplicity of structure. 

20 In the same way, the one or more third stage switch modules can 

also be connected together by one or more special-purpose links, and ditto 
for the upper stage switch modules. 

By such connection of the special-purpose links, even when failure 
(abnormal conditions) occurred in an unshown switch module which is 

25 placed on the right-hand side of the second stage switch module 8401, the 
second stage switch module 8401 can be connected to another second 
stage switch module (8402, 840n, etc.) via the special-purpose link 8100. 

The abnormal conditions of the unshown switch module include 
the cases which have been explained in the first embodiment referring to 

30 Figs. 10A through and 1 IB. 
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The types of the special-purpose links connecting the second stage 
switch modules and the special-purpose links connecting upper stage 
switch modules are not particularly limited in the same way as in the first 
embodiment. They can employ analog signals, digital signals, channel 
5 associated signaling, common channel signaling, etc. 

As described above, in the high-capacity electronic switching 
system according to the second embodiment of the present invention, as 
well as connecting the first/m-th stage switch modules 8101, 8102, • • , 
8n0c by the special-purpose links similarly to the first embodiment, upper 

10 stage (second stage, third stage, etc.) switch modules are also connected 
by the special-purpose links, thereby a high-capacity electronic switching 
system capable of being applied to larger networks realizing resistant to 
failure (abnormal conditions) can be provided. For example, in the 
high-capacity electronic switching system of the second embodiment, 

15 alternative communication links between two first/m-th stage switch 
modules can be set in various ways, and thus alternative communication 
link setting can be executed flexibly depending on failure and traffic. 

As set forth hereinabove, according to the present invention, in a 
high-capacity electronic switching system employing many-stage switch 

20 connection (such as the 3-stage connection), alternative communication 
links can be set between the first stage switch modules (i.e. the first/third 
stage switch modules, the first/m-th stage switch modules, etc.) without 
using the upper stage switch module in abnormal conditions (i.e. the 
second stage switch module 200 etc.), by connecting the first stage switch 

25 modules by the special-purpose link. 

Therefore, even when failure occurred to an upper stage switch 
module and normal communication link setting between two first stage 
switch modules is impossible, an alternative communication link between 
the two first stage switch modules can be set via the special-purpose link, 

30 and thereby communication between subscriber terminals connected to 
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different first stage switch modules is ensured, differently from the 
conventional high-capacity electronic switching systems. 

Further, while conventional high-capacity electronic switching 
systems had to go out of service when maintenance has to be performed to 
5 an upper stage switch module, in the high-capacity electronic switching 
systems according to the present invention, service can be continued 
during the maintenance of the upper stage switch module by use of the 
special-purpose link, therefore, the convenience of the user of a network 
employing the high-capacity electronic switching system can be improved. 

10 Moreover, in the high-capacity electronic switching systems of 

more than 3-stage connection according to the present invention, the 
special-purpose links are also provided to the second stage switch 
modules, the third stage switch modules, etc. Therefore, communication 
link setting between two switch modules is ensured via the special- 

15 purpose links even when failure occurred to an upper stage switch module 
and normal communication link setting is impossible, and thus large 
communication networks having resistance to failure can be constructed 
by employing the high-capacity electronic switching system according to 
the present invention. 

20 While the present invention has been described with reference to 

the particular illustrative embodiments, it is not to be restricted by those 
embodiments but only by the appended claims. It is to be appreciated 
that those skilled in the art can change or modify the embodiments 
without departing from the scope and spirit of the present invention. 

25 For example, while T-S-T three-stage construction was employed 

in the first embodiment, that is, while a TDM switch was employed for 
the first/third stage switch module and a space division switch was 
employed for the second stage switch module in the first embodiment, the 
types of the switch modules are not limited to the example. Each switch 

30 module can be a combination of a TDM switch and a space division switch, 
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or other type of a switch such as an ATM switch etc. In addition, while 
each central control unit controlled one corresponding switch module 
(first/third stage switch module 100, second stage switch module 200, 
etc.) in the first embodiment, it is also possible to let a central control unit 
5 control two or more switch modules. Therefore, the relationship between 
the number of the switch modules and the number of central control units 
can be varied adequately. Moreover, while every one of the first stage 
switch modules was provided with the special-purpose link for connecting 
the first stage switch module to another first stage switch module in the 

10 above embodiments, of course it is also possible to leave some of the first 
stage switch modules unconnected to the special-purpose link if 
unnecessary. In the same way, while every one of the second stage 
switch modules was provided with the special-purpose link in the second 
embodiment, it is also possible to leave some of the second stage switch 

15 modules unconnected to the special-purpose link if unnecessary. 
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WHAT IS CLAIMED IS : 

1. A high-capacity electronic switching system comprising: 

two or more first stage switch modules to each of which one or 
more subscriber terminals are connected and each of which executes 
signal switching for signals from/to the subscriber terminals; and 
5 a second stage switch module for receiving a signal outputted by 

one of the first stage switch modules via a line, switching the signal, and 
thereby outputting the signal to another one of the first stage switch 
modules via a line, wherein: 

each of the first stage switch modules is connected to another one 
10 of the first stage switch modules via a special-purpose link for setting a 
communication link between the first stage switch modules when 
necessary. 

2. A high-capacity electronic switching system as claimed in 
claim 1, wherein every two of the first stage switch modules are connected 
together by a line of the special-purpose link directly. 

3. A high-capacity electronic switching system as claimed in 
claim 1, wherein the special-purpose link connects the first stage switch 
modules so that communication links between every two first stage 
switch modules can at least be set via one or more lines of the special- 

5 purpose link. 

4. A high-capacity electronic switching system as claimed in 
claim 1, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the second stage 
switch module occurred and normal communication link setting between 

5 two first stage switch modules via the second stage switch module is 
impossible. 
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5. A high-capacity electronic switching system as claimed in 
claim 1, including one or more central control units for controlling the 
first stage switch modules and the second stage switch module. 

6. A high-capacity electronic switching system as claimed in 
claim 5, wherein the central control units include one or more first central 
control units for controlling the first stage switch modules and a second 
central control unit for controlling the second stage switch module, and 

5 necessary control information is communicated between the central 
control units via a control bus. 

7. A high-capacity electronic switching system as claimed in 
claim 6, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the control bus 
such as disconnection occurred and the control information 

5 communication between the central control units via the control bus is 
impossible. 

8. A high-capacity electronic switching system as claimed in 
claim 1, wherein the setting of the communication link via the special- 
purpose link is executed when ah abnormal condition of the line between 
the first stage switch module and the second stage switch module such as 

5 disconnection occurred and normal communication link setting between 
two first stage switch modules via the line is impossible. 

9. A high-capacity electronic switching system as claimed in 
claim 1, wherein the special-purpose link communicates analog signals. 

10. A high-capacity electronic switching system as claimed in 
claim 1, wherein the special-purpose link communicates digital signals. 
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11. A high-capacity electronic switching system as claimed in 
claim 1, wherein the special-purpose link employs channel associated 
signaling. 

12. A high-capacity electronic switching system as claimed in 
claim 1, wherein the special-purpose link employs common channel 
signaling. 

13. A high-capacity electronic switching system comprising: 
two or more first stage switch modules to each of which one or 

more subscriber terminals are connected and each of which executes 
signal switching for signals from/to the subscriber terminals; and 
5 two or more second stage switch modules each of which executes 

signal switching between the first stage switch modules and signal 
switching between the first stage switch module and a third stage switch 
module, wherein: 

each of the first stage switch modules is connected to another one 
10 of the first stage switch modules via a special-purpose link for setting a 
communication link between the first stage switch modules when 
necessary, and 

each of the second stage switch modules is connected to another 
one of the switch modules via a special-purpose link for setting a 
15 communication link between the switch modules when necessary. 

14. A high-capacity electronic switching system as claimed in 
claim 13, wherein every two of the second stage switch modules are 
connected together by a line of the special-purpose link directly. 

15. A high-capacity electronic switching system as claimed in 
claim 13, wherein the special-purpose link connects the second stage 
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switch modules so that communication links between every two second 
stage switch modules can at least be set via one or more lines of the 
5 special-purpose link. 

16. A high-capacity electronic switching system as claimed in 
claim 13, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of an upper stage 
switch module occurred and normal communication link setting between 

5 two switch modules via the upper stage switch module is impossible. 

17. A high-capacity electronic switching system as claimed in 
claim 13, including one or more central control units for controlling the 
switch modules, and necessary control information is communicated 
between the central control units via a control bus. 

18. A high-capacity electronic switching system as claimed in 
claim 17, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the control bus 
such as disconnection occurred and the control information 

5 communication between the central control units via the control bus is 
impossible. 

19. A high-capacity electronic switching system as claimed in 
claim 13, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of a line between 
switch modules such as disconnection occurred and normal 

5 communication link setting between two switch modules via the line is 
impossible. 

20. A high-capacity electronic switching system as claimed in 
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claim 13, wherein the special-purpose link communicates analog signals. 

21. A high-capacity electronic switching system as claimed in 
claim 13, wherein the special-purpose link communicates digital signals. 

22. A high-capacity electronic switching system as claimed in 
claim 13, wherein the special-purpose link employs channel associated 
signaling. 

23. A high-capacity electronic switching system as claimed in 
claim 13, wherein the special-purpose link employs common channel 
signaling. 

24. A high-capacity electronic switching method for a high- 
capacity electronic switching system including two or more first stage 
switch modules to each of which one or more subscriber terminals are 
connected and each of which executes signal switching for signals from/to 

5 the subscriber terminals, and a second stage switch module for receiving 
a signal outputted by one of the first stage switch modules via a line, 
switching the signal, and thereby outputting the signal to another one of 
the first stage switch modules via a line, wherein: 

each of the first stage switch modules is connected to another one 
10 of the first stage switch modules via a special-purpose link, and a 
communication link is set between the first stage switch modules via the 
special-purpose link when necessary. 

25. A high-capacity electronic switching method as claimed in 
claim 24, wherein every two of the first stage switch modules are 
connected together by a line of the special-purpose link directly. 
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26. A high-capacity electronic switching method as claimed in 
claim 24, wherein the special-purpose link is connected so that 
communication links between every two first stage switch modules can at 
least be set via one or more lines of the special-purpose link. 

27. A high-capacity electronic switching method as claimed in 
claim 24, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the second stage 
switch module occurred and normal communication link setting between 

5 two first stage switch modules via the second stage switch module is 
impossible. 

28. A high-capacity electronic switching method as claimed in 
claim 24, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of a control bus for 
communicating necessary control information between central control 

5 units of the switch modules occurred and the control information 
communication between the central control units via the control bus is 
impossible. 

29. A high-capacity electronic switching method as claimed in 
claim 24, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of the line between 
the first stage switch module and the second stage switch module such as 

5 disconnection occurred and normal communication link setting between 
two first stage switch modules via the line is impossible. 

30. A high-capacity electronic switching method for a high- 
capacity electronic switching system including two or more first stage 
switch modules to each of which one or more subscriber terminals are 
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connected and each of which executes signal switching for signals from/to 
5 the subscriber terminals, and two or more second stage switch modules 
each of which executes signal switching between the first stage switch 
modules and signal switching between the first stage switch module and a 
third stage switch module, wherein: 

each of the first stage switch modules is connected to another one 
10 of the first stage switch modules via a special-purpose link, and a 
communication link is set between the first stage switch modules via the 
special-purpose link when necessary, and 

each of the second stage switch modules is connected to another 
one of the switch modules via a special-purpose link, and a 
15 communication link is set between the switch modules via the special- 
purpose link when necessary. 

31. A high-capacity electronic switching method as claimed in 
claim 30, wherein every two of the second stage switch modules are 
connected together by a line of the special-purpose link directly. 

32. A high-capacity electronic switching method as claimed in 
claim 30, wherein the special-purpose link is connected so that 
communication links between every two second stage switch modules can 
at least be set via one or more lines of the special-purpose link. 

33. A high-capacity electronic switching method as claimed in 
claim 30, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of an upper stage 
switch module occurred and normal communication link setting between 

5 two switch modules via the upper stage switch module is impossible. 



34. A high-capacity electronic switching method as claimed in 
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claim 30, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of a control bus for 
communicating necessary control information between central control 
5 units of the switch modules occurred and the control information 
communication between the central control units via the control bus is 
impossible. 

35. A high-capacity electronic switching method as claimed in 
claim 30, wherein the setting of the communication link via the special- 
purpose link is executed when an abnormal condition of a line between 
switch modules such as disconnection occurred and normal 
5 communication link setting between two switch modules via the line is 
impossible. 
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ABSTRACT OF THE DISCLOSURE 
A high-capacity electronic switching system includes two or more 
first stage switch modules to each of which one or more subscriber 
terminals (telephone sets, fax machines, personal computers, etc.) are 
5 connected and each of which executes signal switching for signals from/to 
the subscriber terminals, and a second stage switch module for switching 
signals between the first stage switch modules. In the high-capacity 
electronic switching system, each of the first stage switch modules is 
connected to another one of the first stage switch modules via a special- 

10 purpose link for setting a communication link between the first stage 
switch modules when necessary. For example, the setting of the 
communication link via the special-purpose link is executed when an 
abnormal condition of the second stage switch module occurred and 
normal communication link setting between two first stage switch 

15 modules via the second stage switch module is impossible. By this, even 
when failure occurred to the second stage switch module and 
communication between two first stage switch modules is impossible, a 
communication link can be set between the first stage switch modules via 
the special-purpose link, and thereby communication between the first 

20 stage switch modules is realized. 
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application designating the United States. listed below and, insofar as the subject matter of each of the claims of this application is not disclosed 
in the prior United States or PCT International application in the manner provided by the first paragraph of Title 35, United States Code. § 
1 12. I acknowledge the duty to disclose information which is known by me to be material to patentability as defined in Title 37, Code of Fedeial 
Regulations § 1.56 which became available between the filing date ot the prior application'and the national or PCT International filing date 
of this application: 



APPLICATION SERIAL NO. 



FILING DATE 



. . - . Reg. No. : . 

1-eldhaus. Reg. No. 28,822; Donald D. Jeffery, Reg. No. 19.980; Eugene M. Lee, Reg. No. 32,039; Peter G. Mack, Reg. No. 26,001. 
Brian J. McNamara, Reg. No. 32,789; Sybil Meloy. Reg. No. 22,749; George E. Quillin, Reg. No. 32,792; Colin G. Sandercock, Resi. No 
31.298: Bernhard D. Saxe, Reg. No. 28,665; Charles F. Schill, Reg. No. 27,590; Richard L. Schwaab, Reg. No. 25,479; Arthur Schwartz, 
Ret;. No. 22,115; Harold C. Wegner, Reg. No. 25,258. 



Address all correspondence to FOLEY & LARDNER. Washington Haibour. 3000 K Street. N.W.. Suite 500. P.O. Box 25696. Washington 
D.C. 20007-8696. Address telephone communications to at (202) 672-5300. 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made aie 
punishable by fine or imprisonment, or both, undei Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 
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MOTOFUMI KAKIUCHI 


Signature of First or Sole Invent^, 


Date 

5/28/99 


Residence Address 
Tokyo, Japan 


Country of Citizenship 
Japan 


Post Office Address 

c/o NEC Corporation, 7-1, Shiba 5-chome, Minato-ku, Tokyo, Japan 
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Signature of Second Inventor 
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Residence Address 


Country of Citizenship 


Post Office Address 
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Signature of Third Inventor 


Date 
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Country of Citizenship 


Post Office Address 
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Signature of Fourth Inventor 


Date | 


Residence Address 


Country of Citizenship 


Post Office Address 
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Signature of Fifth Inventor 


Date 


Residence Address 


Country of Citizenship 



Post Office Address 



